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Ptf1a. In addition to this we utilized DNAmicroarray (chip) technology
to identify a set of genes enriched in the adult mouse pancreas that
were not previously known to be associated with Ptf1a. As additional
validating steps, we screened the genes for pancreatic expression
using in situ hybridization, and evaluated promoter elements using
luciferase assays, in order to further determine which genes directly
interact and are regulated by Ptf1a. We believe that relevant target
genes mediating the effects of Ptf1a on pancreatic development re-
main unknown. Using this ChIP-on-chip technology, our lab will be
able to map stage speciﬁc changes in chromatin occupancy by Ptf1a in
the developingmouse pancreas and identify novel targets of Ptf1a that
have essential roles in pancreas development.
doi:10.1016/j.ydbio.2008.05.502
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Retinoid signaling plays a crucial role in patterning rhombomeres
in the hindbrain and motor neurons in the spinal cord during dev-
elopment. A fundamentally interesting question is whether retinoids
can pattern functional organization in the forebrain that generates
high order of cognitive behavior. The striatum contains a compart-
mental structure of striosome (or ‘patch’) and intervening matrix.
How this highly complex mosaic design is patterned by the genetic
programs during development remains elusive. We report a devel-
opmental mechanism by which retinoid receptor signaling controls
compartmental formation in the striatum. We analyzed RARβ−/−
mutant mice and found a selective loss of striosomal compartmen-
talization in the rostral mutant striatum. The loss of RARβ signaling
in the mutant mice resulted in reduction of cyclin E2 and Mash1,
which led to defective neurogenesis of late-born striosomal cells.
Importantly, during striatal neurogenesis, endogenous levels of
retinoic acid were spatiotemporally regulated such that transduction
of high levels of retinoic acid through RARβ selectively expanded the
population of late-born striosomal progenitors, which evolved into a
highly elaborate compartment in the rostral striatum. RARβ−/−
mutant mice, which lacked such enlarged compartment, displayed
complex alternations of dopamine agonist-induced stereotypic
motor behavior. RARβ signaling thus plays a crucial role in setting
up striatal compartments that may engage in neural circuits of psy-
chomotor control.
doi:10.1016/j.ydbio.2008.05.503
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The mid-hindbrain boundary (MHB) is a cell-lineage restriction
boundary and organizing center. However, the mechanism underlying
MHB formation remains to be elucidated. In mouse embryos at E7.5,
the presumptive MHB is demarcated by the common expression
border of two homeobox genes Otx2 and Gbx2. We have performed
genetic inducible fate mapping using Gbx2-CreER KI mice. We show
that cells expressing Gbx2 at E7.5 strictly contribute to structures
posterior to the MHB. By contrast, in Gbx2-null embryos, cells
originated from the hindbrain abnormally contribute to the entire
midbrain, while the cerebellum is missing. These results demonstrate
that Gbx2 is a determinant of cerebellar progenitors and dictates
lineage restriction at the MHB at E7.5. Furthermore, we provide
evidencebychimera analysis thatOtx2+midbrain andGbx2+hindbrain
precursors have different cell adhesive properties, suggesting that cell
sorting based on differential afﬁnities leads to initial MHB formation.
Finally, we demonstrate that the MHB organizer Fgf8, which is
expressed in a narrow domain immediately posterior to the MHB by
E8.5, but not Gbx2, is essential for the reﬁnement and maintenance of
the lineage restriction at theMHBafter E7.5. Ourﬁndings illustrate that
the formation of theMHB is a stepwise process: differential expression
of Otx2 and Gbx2 leads to segregation of midbrain and hindbrain
precursors based on adhesive differences; the initial border is subse-
quently re-enforced by the induction of Fgf8, which further acts as an
organizer to pattern the neighboring midbrain and hindbrain
compartments.
doi:10.1016/j.ydbio.2008.05.504
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Holoprosencephaly (HPE), the most common forebrain malforma-
tion, is characterized by an incomplete separation of the cerebral
hemispheres. Many genetic mutations, including those in SHH and
SIX3, cause HPE. Using luciferase and zebraﬁsh-based assays, we
show that HPE-associated Six3-mutant proteins function ashypo-
morphs. Generated mouse models of Six3-promoted HPE revealed
that Six3 haploinsufﬁciency causes HPE in a strain-speciﬁc manner.
Further, we demonstrate that Shh and Six3 regulate each other in the
rostral diencephalon ventral midline (RDVM). In mice displaying Six3-
related HPE, this mutual regulation is disrupted, resulting in the loss of
Shh and Six3 in the RDVM, the loss of Fgf8 and Bmp4 signaling,
abnormal apoptosis in the telencephalon, and ultimately HPE.
doi:10.1016/j.ydbio.2008.05.505
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Dandy Walker Malformation, the most common human cerebellar
birth defect, is caused by heterozygous deletion of Zic1 and Zic4. In
Zic1/4 single and double null mice, cerebellar phenotypes range from
mildly reduced size with normal folial patterning, to severely small
and mispatterned cerebella. The developmental basis of these
phenotypes remains unknown and little is understood regarding the
molecular pathways regulated by the Zic genes. We observe reduced
granule cell (GC) proliferation in Zic1−/−;Zic4−/− mice at post-natal
day one. Shh drives GC proliferation during early neonatal develop-
ment, suggesting the hypothesis that Zic1 and Zic4may act in the Shh
pathway. At embryonic day 17.5, Zic1−/−;Zic4−/− cerebella demon-
strate 2–4 fold reduction in expression of several Shh target genes,
including Gli1 and Ptch1, supporting a role for Zic1 and Zic4 in the Shh
pathway. Several members of the Eph/Ephrin family also have reduced
expression, although these genes have not been implicated in Shh
dependent proliferation. This may indicate that adult cerebellar
foliation defects have a Shh independent component. In situ hybrid-
ization at e17.5 shows that, in Zic mutants, EphA4 and EphA7 ex-
pression patterns are altered in the anterior medial domain of the
developing cerebellum. This altered expression presages abnormal
positioning of anterior folia, suggesting that Zic function is critical for
determining the placement of the initial cardinal folia of the anterior
cerebellum. Further experiments are underway to determine if size
and foliation defects are related.
doi:10.1016/j.ydbio.2008.05.506
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Congenital craniofacial anomalies are among the most common
cause of birth defects in infants, signifying the importance of
understanding the molecular basis of craniofacial development. Our
study focuses on the genetic and functional interaction between the
MADS domain transcription factor MEF2C and two Dlx home-
odomain transcription factors, Dlx5 and Dlx6. Neural crest-speciﬁc
inactivation of Mef2c causes craniofacial lethality in mice. MEF2C is
required for Dlx5 and Dlx6 expression in the craniofacial mesench-
yme during development, and can transcriptionally synergize with
Dlx5. We hypothesize that MEF2C and Dlx5 form a transcriptional
complex essential for craniofacial development. Our current studies
focus on elucidating the biochemical basis of the Dlx5–MEF2C
interaction and identifying genes that are exquisitely sensitive to
the dosage of these two factors. We show a genetic interaction
between the Mef2c and Dlx5/6 loci where heterozygosity at either
locus (Dlx5/6+/− or Mef2c+/−) results in viable mice with no obvious
phenotype but heterozygosity at both loci (Dlx5/6+/−;Mef2c+/−) results
in perinatal lethality. Dlx5/6+/−;Mef2c+/− mice have defective man-
dibular outgrowth resulting in micrognathia and a posterior cleft of
the palate. This mandibular defect is highly reminiscent of the
Pierre Robin sequence (PRS) in humans and Dlx5/6+/−;Mef2c+/− mice
could serve as a mouse model for PRS. Understanding the inter-
action between Dlx5/6 and MEF2C will contribute to our under-
standing of craniofacial development and how interactions bet-
ween MADS box and homeodomain transcription factors regulate
organogenesis.
doi:10.1016/j.ydbio.2008.05.507
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The Odd-skipped gene was originally identiﬁed in Drosophila as
an essential regulator of embryonic development and patterning.
Two mouse homologs, odd-skipped related 1 (Osr1) and odd-skipped
related 2 (Osr2) have been identiﬁed. Interestingly, whereas the
Drosophila odd-skipped gene encodes a protein with four C2H2-type
zinc ﬁnger motifs, mouse Osr1 encodes a protein with three zinc
ﬁngers and Osr2 encodes both a three-ﬁnger and a ﬁve-ﬁnger protein
due to alternative splicing of the pre-mRNA. Targeted disruption of
either gene caused distinct developmental defects that largely
correlate with their distinct expression patterns. To investigate
whether the two genes have evolved distinct functions at the
molecular level and whether the two Osr2 isoforms function
differently during mouse development, we replaced the endogenous
Osr2 coding region with either the Osr1 cDNA encoding for the three-
ﬁnger Osr1 protein or the Osr2-5F cDNA encoding the ﬁve-ﬁnger
Osr2 protein isoform. Expression of either Osr1 or Osr2-5F from the
Osr2 locus similarly rescued cleft palate phenotype of the Osr2 null
mutants. These data indicate that the distinct functions of Osr1 and
Osr2 during mouse embryonic development result from differential
expression rather than distinct molecular function and that the two
isoforms of Osr2 protein likely function redundantly during palate
development.
doi:10.1016/j.ydbio.2008.05.508
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The Dlx3 homeodomain transcription factor is crucial for develop-
mental processes including tissue differentiation and organ formation.
Tricho-Dento-Osseous Syndrome (TDO) is an ectodermal dysplasia
linked to a 4 bp deletion immediately downstream of the DNA-binding
homeodomain in the Dlx3 gene and that is characterized by
abnormalities in hair, teeth, and intramembranous and ectochondral
bones. To examine Dlx3 gene expression throughout development, we
generated a knockin mouse line carrying the reporter gene beta-
galactosidase (lacZ) under the control of the endogenous Dlx3
promoter. Dlx3 expression is detected in tissues and organs derived
from epithelial-mesenchymal interactions such as hair follicles, teeth
and limbs, and in craniofacial bones and interfollicular epidermis. We
have characterized Dlx3 expression through hair differentiation and
growth cycle. Dlx3 expression was initially detected in the matrix of
hair follicles directly adjacent to dermal papilla, and then gradually
extended to inner root sheath (IRS), cortex, medulla, and cuticle of the
differentiating hair. The role of Dlx3 in hair development is being
investigated intensively using a Cre-mediated knockoutmousemodel.
The most striking defect in those mice was alopecia due to a failure
in hair follicle differentiation. Taken together with pathological
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